Background: A number of factors (first experience, treating clinician and time to place dental-dam) may influence patients' preferences regarding dental-dams. In general, patients accept placing it and that it must be used for teeth isolation during endodontic procures for the sake of patient safety and infection control. Objectives: The aim of this study is to investigate preferences and experiences of patients using dental-dam (DD) isolation during root canal treatment (RCT) and to explore influencing factors among the residents of Madinah Munnawara, Saudi Arabia. Methods: Following an ethical approval and a pilot study, a self-administrated questionnaire was distributed to 305 patients attending endodontic clinics at the Taibah University College of Dentistry (TUCOD) over six months. Patients voluntarily participated in the study after understanding the methodologies and signing a consent form. They were asked to fill out a questionnaire on their experiences and preferences in placing the DD during RCT. Data were analyzed using the Chi-square test at p = 0.05. Results: The response rate was 91%. There was no significant correlation between patients' preferences and their race, age and gender (p > 0.05). The majority of participants (74.3%) would prefer to use a DD in their next session (p < 0.001). This preference negatively correlated with the time required to place a DD and the duration of the current visit (p < 0.001). While most of those who would prefer to use a DD in their next visit were pleased with how it was placed in the current session (76.6%), most of those who would not do so (66.7%) were uncomfortable. Overall, the highest proportion of participants (40.2%) reported that prevention of instrument swallowing was the most important advantage of DD isolation (p < 0.001). Conclusions: Overall, DD isolation for RCT is generally well accepted by patients regardless of their country of origin, gender, education and awareness of its advantages. Patients' safety was the most attractive advantage for patients to the application of the DD. The time required to place the dental dam and first visit experience in placing the DD affect patients' future preference.
Introduction
The dental-dam (DD) has been an ideal tool for tooth isolation and a standard of care in dentistry, especially during root canal treatments (RCT) [1] . Historically, Barnum introduced the concept of DD isolation to dental professionals in 1864 [2] . An aseptic operating field by isolation from oral and salivary contamination is a great and significant advantage of the DD for both the operator and the patient during endodontic treatment [3] . It also allows for safe insertion of inter-appointment medicaments necessary to disinfect the root canal system [4, 5] . From patient as well as clinician perspectives, two major aspects are essential; patients' safety and cross-infection control. The dental dam is a fundamental tool that protects patients by preventing inhalation or ingestion of endodontic instruments [6] and retracting soft tissues [7] . Unfortunately, there are many reports of inhalation or ingestion of endodontic instruments during root canal treatment as a result of not considering DD isolation [6] [7] [8] [9] [10] [11] [12] [13] .
In addition, the DD promotes better cross-infection control for both patients and the dental team [3] , especially in cases of communicable diseases such as acquired immune deficiency syndrome (AIDS) and viral hepatitis. The dentists and dental assistants are protected against infections which can be transmitted by the patient's saliva. A previous study reported that using a DD is an excellent barrier to the potential spread of infectious disease in the dental office [3] .
Despite these advantages, DD isolation during root canal treatment is still not adopted in dental practice in many countries [14] [15] [16] [17] . The major barriers of using DDs include: challenging placement techniques, time consuming (from a dentist's point of view), lack of training during undergraduate training, and cost of equipment and materials [16, [18] [19] [20] [21] . In addition, patient discomfort and rejection have been proposed as barriers for using DDs [16, 17, 19, 22, 23] . However, a few reports showed that patients have no objection to DD application and they prefer having it placed in future visits [24, 25] .
A recent study has shown slight improvement in using DDs in Saudi dental practices [17] compared to a previous report [26] . However, there is no study on patient perception regarding the importance of using DD isolation as a tool for better cross-infection control and safe endodontic procedures. In addition, there has been no reports on patient preference on placing DDs during RCTs. Hence, there is a need to investigate these important aspects within the Saudi community. This is especially true as the professional environment is not the same in different countries with different cultures. In addition, unlike other countries, Saudi Arabia has a large diversity of patients from different countries, which may have great impact. To our knowledge, the current study was the first to systematically explore, in depth, these factors on patient preference. Therefore, the aim of this study was to investigate opinions, experiences and preferences of patients on placing DDs during RCTs. Specifically, it aimed to estimate the frequency of patient acceptance of placing DDs and to explore affecting factors. The survey mainly aimed to answer the following questions:
Would there be any significant difference between patients who would prefer placing a DD in a future visit and those who would not? Could patient acceptance be influenced by factors such as DD application time and length of the treatment session with the DD in place? Which policy do patients prefer (mandatory, optional) to increase the use of DDs in dental practice?
Consequently, the study aimed to test the following null hypothesis: There would be no significant differences between the proportion of patients who would prefer using DD in the future and that of patients who would not.
Materials and Methods
This observational descriptive study was ethically approved by the Taibah University College of Dentistry Research and Ethics Committee (TUCDREC) and conducted between January and June 2017. A pilot self-administrated questionnaire (Appendix A) was distributed to a group of patients that underwent RCTs in the clinics at the TUCOD to ensure that the questions were easily understood and that all relevant aspects were included. Convenient sample size over a period of six months was determined, taking into consideration the sample sizes of three previous studies (110, 179 and 220 patients) [24, 27, 28] . This study included the following governmental centers in Madinah Munawara: the TUCOD and King Fahad General Hospital (KFGH). A total of 305 patients were approached for voluntary participation after they underwent a session of a root canal treatment procedure. The investigator explained the aims and methodologies of the study to the patients and confirmed that all information would remain confidential and anonymous. In addition, patients were assured that their decision to complete the survey would not affect the dental service they would receive in the future. Upon acceptance to participate in the study, patients were asked to sign a consent form. They were requested to hand the questionnaire form, upon completion, to a third person, who was not related to the study. Responses were collected, and data were entered into SPSS 20 for Windows software (SPSS Inc., Chicago, IL, USA) and analyzed using the Chi-square test at the 0.05 level of significance.
Results

Response Rate and Preference of Using a DD in the Next Session
Out of 305 patients who were invited to the study, 278 patients accepted to complete the survey; resulting in a 91.1% overall response rate. The proportion of participants who would prefer using a DD in the next session (81.6%) was significantly greater than those who would not (18.4%) (p < 0.001) ( Table 1 ). There was no significant difference between Saudi and Non-Saudi patients. Table 1 . Participant preferences for using a dental-dam (DD) in the next visit (%) and its correlation with participant countries of origin. * The values in brackets [ ] and parentheses ( ) are the proportion of each country of origin's category and the overall proportions of participants preference on using a DD in the next visit, respectively.
Participant Preference in Using a DD in the
Age and Gender of Participants
The proportion of male participants (45.2%) was not statistically significant from that of females (54.8%) (p = 0.115) ( Table 2 ). In addition, the proportion of male participants who would prefer to use a DD in the next visit (79.7%) was not statistically significant from that of females who would do so (83.2%) (p = 0.530). Significantly, more patients (31.1%) were 21-30 years old (p < 0.001); with no significant difference between males and females (p = 0.057). Overall there was no correlation between participant age and their preference in using a DD in the next visit (p = 0.07).
Participant Education
Whilst the highest proportion had a Secondary School degree (48.6%), the lowest had completed University Postgraduate Study (4.4%), followed by University and Primary School degrees (26.9% and 21.3%, respectively). These differences were statistically significant (p < 0.001) ( Table 2 ). There was no correlation between participant education level and their preferences in using a DD in the next visit (p = 0.090). 
Centre and Clinicians Providing Treatments
The proportion of participants who would prefer using a DD in the next session and were treated at the KFGH (95.7%) was significantly greater than those who would do so and were treated at TUCOD clinics (74.4%) (p < 0.001) ( Table 3) . While the highest proportion of patients at TUCOD were treated by undergraduate students, the highest proportion of patients at KFGH were treated by an endodontic consultant (p < 0.001). Patient preference on using a DD in the next visit significantly correlated with classification of the treating clinicians (p < 0.001). The vast majority of patients treated by consultants (93.2%) would prefer to use a DD in the next visit, which was significantly greater than those treated by undergraduate or postgraduate students (61.2% and 66.7% respectively). 
Advantage of Using a DD
Overall, the highest proportion (44.8%) of patients reported that prevention of instrument inhalation or ingestion is the main advantage of DD use (p < 0.001), with no significant differences between the proportion of those who would prefer to use a DD in the next visit (46.8%) and those who would not (39.1%) (p = 0.416) ( Table 4 ). The lowest proportion (8.1%, all of them would prefer to use a DD in the next visit) reported that cross-infection control is the main advantage. 
Time Required for Placing the DD
Overall, the highest proportion of patients (72.3%) needed up to one minute to place the DD by the treating clinician (p < 0.001), with a significantly greater proportion of those who would prefer to use a DD in the next visit (77.9%) compared to those who would not (52.2%) (p < 0.001) (Table 5) . Overall, there was a significant correlation between participant preference in using a DD in the next visit and the time taken for placing the DD in the current visit (p = 0.001). Table 5 . The correlation between participant preferences in using a DD in the next visit and factors related to the current treatment session (time to place DD, duration of the current session, personal experience of the current session and dentist explanation to participants on reasons for DD usage). 
Participant Preferences in
First Visit Experience
Significantly, most participants (65.7%) were pleased with the placing of the DD in the first (current) visit (Table 5) . Overall, there were significant differences between those who would prefer to use a DD in the next visit and those who would not (p < 0.001). The highest proportion of those who would prefer to use a DD in the next visit were pleased with how it was placed in the current session (76.8%). By contrast, the highest proportion of those who would prefer not to use a DD in the next visit were uncomfortable with the placing of the DD in the current session (70%).
Duration of Current Session with DD in Place
Overall, the highest proportion of patients (67.4%) reported that the duration of the current session with a DD in place was reasonable (p < 0.001), with a significantly greater proportion of those who would prefer to use a DD in the next visit (71.2%) compared to those who would not (48%) (p < 0.001) ( Table 5 ).
Explanation of Reasons for DD Use
Significantly, the majority of patients (73.1%) reported that the dentist explained the reasons for using a DD (p < 0.001) (either in detail (39.9%) or briefly (33.2%) (p = 0.189)). However, this did not affect participant preferences on placing a DD in the next visit (p = 0.568) ( Table 5 ).
Policy of Using DDs
The highest proportion of patients reported that placing the DD should be optional (up to dentists) (41.2%), followed by those who believe it should be mandatory (33.1%) or optional (up to patients) (23.9%) ( Table 6 ). These differences were statistically significant (p = 0.002). Whilst the highest proportion of those who would not prefer placing a DD in the next visit and believed that the DD should be optional (up to patients) (52%), the lowest of those who would prefer placing a DD reported the same policy for DD placement (17.6%) (p < 0.001). 
Discussion
Survey studies can provide valuable information about preferences, opinions, attitudes, experiences, and demographics of participants. However, such studies should be carefully conducted, so that results are representative and can be generalized [29, 30] . Survey studies have shown diversity of DD usage during RCTs worldwide [14] [15] [16] [17] [19] [20] [21] . DD isolation during RCTs has been considered a standard of care due to its many advantages [1] . However, it is still not being commonly used by dental clinicians because of different claims such as inconvenience to the clinician, increased treatment cost and prolonged treatment time [21] . According to some recent studies, patient discomfort and rejection have been reported as possible restraints [24, 25, 28] . This is especially true as some aspects, such as community culture and the dental profession environment, vary among different countries and hence may affect patient preferences. In addition, gender, age, race and the education level of patients, as well as the duration of DD placement, may have an impact. Therefore, this study aimed to investigate in depth attitudes, experiences and preferences of patients receiving RCTs in governmental Saudi dental practices.
The proportion of male participants (45.2%) was not statistically significant from that of females (54.8%), which reflects good study sampling. In addition, there was no significant difference between males and females regarding age groups, although the highest proportion of them (31.1%) were 21-30 years old. There were significant differences among participant level of education. While the highest proportion had a Secondary School education (47%), the lowest proportion of them had a University Postgraduate Studies degree (4.4%). Nevertheless, results showed that patient gender, age, country of origin and education level did not have any significant impact on their preferences on placing DDs. In contrast, Stewardson and McHugh's [28] results showed that women in one subgroup preferred DD use. Also, Vedavathi et al. [31] showed that female patients had a positive attitude and preferred the use of DDs in the future.
The highest proportion of participants in our study (65%) were pleased with the placing of a DD during the session, after which they completed the questionnaire. These findings are consistent with those obtained in previous studies [25, 27, 28] . One possible reason is that patients compared the current treatment experience with that of previous RCTs without a DD. Another reason is that patient attitude is dependent to some extent on the experience and skill of the dentist providing the treatment, which in turn leads to faster and more comfortable application of DDs. Previous studies showed that good experience and positive attitudes of the dentists placing the DD and performing the treatment reflects on positive attitudes of patients [24, 28] . Our results showed that a relatively short time was required to place a DD (about 1 minute) in 75% of cases. The results also revealed a significant positive correlation between participant preferences in using a DD in the next visit and the time required for placing a DD. This is, however, in contrast to results of previous studies in which the time required to place a DD had no influence on patient preference on future DD use [24, 28] . Apart from this discrepancy, it is accepted that a short time required for DD placement usually reflects good dental practice and sufficient experience. It was reported previously that placing a DD, even in the hand of inexperienced dentists, does not take more than few minutes [24, 25, 32, 33] . It could be argued that the good patient acceptance in our study was because patients might have thought that their negative response would have likely affected future treatment eligibility. However, such an assumption can be excluded because patients were assured that their response would not affect their right to receive dental treatment. Furthermore, the majority of patients (82%) preferred placing a DD in the next visit. Moreover, the highest proportion of those who would prefer a DD in the next visit were pleased with how it was placed in the current session (77.7%).
Our results showed that the proportion of participants who would prefer using a DD in the next session and were treated at KFGH (95.7%) was significantly greater than those who would do so and were treated at TUCOD clinics (74.4%). This may confirm our assumption, as indicated earlier, that different treatment environments can affect patient attitudes and preferences. Those treated by undergraduate students were the least likely to prefer using a DD in the next visit. On the other hand, the vast majority of those who were treated by endodontic consultants (93.2%) would prefer using a DD in the next visit. While the highest proportion of patients at TUCOD were treated by undergraduate students, the highest proportion of patients at KFGH were treated by endodontic consultants. However, the clinician providing RCTs may be another environment factor that may affect patient preferences. Therefore, these results should be carefully interpreted, and such a conclusion should be drawn with caution.
It was obvious that the experience of placing a DD in the first session did have an impact on patient overall attitudes. The highest proportion of those who would not prefer to use a DD in the next visit were uncomfortable with the current experience of DD placement. We assumed that a thorough explanation of the advantages of using a DD may positively affect patient preferences. However, the results did not show such an impact whatsoever, with only 27.4% of patients confirming that the dentist did not explain why a DD would be used. One possible reason for such a result is that the majority of patients (81.9%) would prefer to use a DD in the next visit in the first instance. These findings, however, contradict with those of Kapitan et al. [27] , where explanation of DD use in detail prior to the procedure had a significant impact on patient preferences. Nevertheless, these results again support the reality that whether a patient had a good experience in the first session most likely determines their preference in using a DD in the next visit.
This study revealed how patient experiences and attitudes towards placing a DD, whether acceptance or rejection, reflected on their opinion regarding the length of the current session time. The majority of those who would prefer to use a DD in the next session (72%) thought that the current session duration was reasonable. By contrast, most of those who would not prefer to use a DD in the next session (52%) thought that the current session was long. These results were inconsistent with those of previous studies where the duration of the treatment while the DD was in place had no influence on patient preferences on DD placement [24, 27, 28] .
Patient safety is usually the first priority in medical and dental fields. The current study reflected this fundamental concept as the highest proportion of participants (46.8%) reported that the most important advantage of using a DD is the prevention of accidental swallowing of files, although this had no significant influence on the patients preferring to use a DD in the next visit. It is likely that patients who were better informed tend to cooperate more, even if they were not satisfied with the application of the DD. In earlier studies, patients indicated that a DD was beneficial to both dentists and the patients [24, 27] . The possible explanation for our results could be the information given to patients regarding DD use prior to the procedure. This is especially true with the fact that instrument inhalation is a life-threating accident [34, 35] and is not uncommon [6] [7] [8] [9] [10] [11] [12] [13] . This might also explain the positive attitude of patients because of the feeling of security due to the placement of a DD. Susini et al. reported that 36% of instrument ingestion cases required hospitalization [7] . This implies that nothing surpasses the safety of the DD while treating dental patients. The lowest proportion of patients highlighted the importance of DDs as a barrier in spreading infection. Patients may assume that cross-infection control policies are already well established and followed by the dental team, especially in governmental dental clinics. Nevertheless, the DD not only minimizes the risk of contamination of the patient's root canal system by indigenous oral bacteria, but also protects the dentist and dental assistant against infections which can be transmitted by the patient's saliva [3] .
A previous study investigating the frequency of DD use in Saudi dental practice revealed that the majority of participants (90.7% endodontists and 74.1% general dental practitioners suggested a mandatory use policy of DDs in dental practice [17] . An almost similar trend was found in our study, as the second highest proportion of patients believed that DDs should be mandatory (32.2%). Patients were usually neither aware of regulations and bylaws of the dental profession, nor all aspects of DD placement for RCTs. This may explain why the highest proportion in our study (40.9%) reported that the decision to use DDs should be made by the dentist. However, this perception, to some extent, was limited to those who would prefer the placing of a DD in the next visit. The highest proportion of those who would not prefer the placing of a DD in the next visit believed that placing a DD should be based on patient preferences (51.6%). This trend within this group of patients was obvious when 9.1% of them reported that a DD is not needed.
The discrepancies between the current study and previous studies are based on specific aspects of patient acceptance of placing a DD during RCTs. This validates the conduction of our study and confirms our assumption, in the first instance, that different dental profession environments may affect the preferences, perceptions and opinions of patients on using DDs. However, there are certain limitations; this study only included patients attending the governmental sector clinics. Therefore, conducting further research including private sector patients is recommended. In addition, we believe that including additional centers from Middle-Eastern and European countries may show the real impact of various environmental, economic and cultural factors on patient preferences. Nevertheless, this study added further proof that patients, overall, have no objection towards the placing of a DD during RCTs. Hence, further research is needed in an attempt to close the gap in using DDs between the undergraduate training stage and post-graduation practice.
Conclusions
Within the limitation of the current study, it can be concluded that patients generally accepted having a DD placed and were willing to undergo RCT procedures under DD isolation for future visits. Patient safety remains the most attractive advantage for patients to the application of DD use. Patient factors such as race, age, gender and level of education did not have any remarkable impact on patient preference in placing a DD during root canal treatment. Additionally, the time required to place a DD, first experience in placing a DD, treating clinician and sector of dental services seem to be the key factors influencing patient preferences.
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